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HEAT-INSULATING SYSTEM FOR A FAST 
REACTOR SHIELD SLAB 

This invention relates to a heat-insulating system 
which is primarily intended to be employed in a fast 
reactor for ensuring thermal protection of a shield slab 
which serves to close the top portion of the biological 
shield structure of a reactor of this type. The shield 
structure in turn encloses an open-topped metallic tank 
having a vertical axis and containing a mass of liquid 
metal which usually consists of sodium for cooling the 
reactor core by removal of the heat generated by nu 
clear ?ssion. The invention applies more especially in 
the case in which the closure or shield slab located 
above the free level of the liquid metal within the tank 
is separated from this latter solely by a layer of inert 
blanket gas which usually consists of argon, the shield 
slab being constituted by a horizontal concrete wall, 
the wall surface which is in contact with said blanket 
gas being covered with a metallic sole-plate of stainless 
steel. Said shield slab also has openings which allow 
access by handling equipment units to the reactor core 
within the biological shield structure and at the same 
time provide a sealed passageway for components such 
as heat exchangers and pumps which are necessary for 
the operation of the installation. 

In sodium-cooled fast reactors, it is also known that 
the temperature in the inert-gas atmosphere which is 
present above the liquid sodium is usually of the order 
of 500°C. This gives rise to the formation in the inert 
blanket gas of sodium vapors and aerosols which would 
be liable to come into contact with the sole-plate of the 
shield slab if no precaution were taken and thus to 
cause rapid damage to the sole-plate on the one hand as 
a result of corrosion effects and on the other hand as a 
result of mechanical stresses arising from differential 
thermal expansions. 
The invention relates to a heat-insulating system 

provided in the form of a lining applied against the 
shield slab in those portions of said lining which are 
directed towards the interior of the reactor tank, said 
system being adapted to provide thermal protection of 
the shield slab under the operating conditions de?ned 
in the foregoing, provision being made in particular for 
metallic structural elements which are incorporated 
with said lining and afford resistance to corrosion by 
the liquid sodium, with the exception of mineral heat 
insulating materials which are incompatible with the 
vapors and the aerosols of this liquid metal. Said metal 
lic structural elements are preferably provided in the 
form of wire fabric, trelliswork or netting elements and 
are stacked so as to form aerated panels of predeter 
mined thickness which are comparable with a fibrous 
medium, thereby producing between the sole-plate of 
the shield slab and the blanket gas located above the 
level of liquid metal within the tank an acceptable 
thermal gradient which is adapted to possible reactor 
power levels both under normal operating conditions 
and in the event of fault conditions in the circulating 
pumps accompanied by an abrupt increase in tempera 
ture of the liquid sodium. 
To this end, the system under consideration which 

comprises a set of panels each constituted by a mat of 
superposed metallic elements of fabric or trelliswork 
extending parallel to the shield slab to be heat 
insulated, is distinguished by the fact that each panel is 
enclosed within a casing applied against the shield slab 
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2 
and formed of two parallelepipedal metallic half-boxes 
engaged one inside the other, the dimensions of the 
lower half-box being slightly larger than those of the 
upper half-box, that the casings are juxtaposed against 
the surface of the shield slab so as to form a continuous 
lining, and that the opposite lateral faces of the two 
half-boxes define a narrow gap between said faces, the 
adjacent casings being also separated by a narrow gap, 
said gaps being intended to form capillary sealing 
joints. 

In accordance with a particular feature of the inven 
tion, the continuous lining formed by the juxtaposed 
casings is mounted between the sole-plate of the shield 
slab and a metallic support and protection wall which 
maintains said casings applied against the sole-plate by 
means of ?xing studs passed through the wall and the 
casings and rigidly ?xed to the sole-plate at one of their 
extremities, each stud being provided at the opposite 
extremity with a threaded portion adapted to cooperate 
with a locking-nut which is tightened-up against the 
metallic wall. . 

In accordance with another feature, each stud has a 
hollow body which is welded to the sole-plate of the 
shield slab at one end and closed at the opposite end by 
a ?at plug having an extension in the form of a threaded 
stern, said flat plug being ?tted externally of the hollow 
body with a metallic seal which is applied against the 
bottom wall of one of the half-boxes of the casing. 
The metallic wall is preferably constituted by an 

assembly of adjacent plates joined to each other by 
means of back-plates placed beneath the corners of 
four adjacent plates, each back-plate being welded to 
one plate and capable of sliding over the three other 
plates. In this case and in accordance with an advanta 
geous arrangement, a joint-plate is mounted between 
the metallic wall and the casings opposite to the con 
necting back-plates, between the plates and the bottom 
walls of the half-boxes of the casings. _ 
Further characteristic features of a heat-insulating 

system as constructed in accordance with the invention 
and primarily applicable to the closure or shield slab of 
a fast reactor will become apparent from the following 
description of one exempli?ed embodiment which is 
given by way of indication and not in any limiting sense, 
reference being made to the accompanying drawings, 
wherein: 
FIG. 1 is a diagrammatic axial sectional view of a fast 

reactor comprising a top closure or shield slab ?tted 
with a heat-insulating system in accordance with the 
invention; 
FIG. 2 is an exploded view to a larger scale showing 

part of the system under consideration; 
FIG. 3 is a transverse sectional view of the system in 

accordance with FIG. 2. 
In FIG. 1, the reference numeral 1 designates the 

core of a fast reactor which is represented as being 
immersed in a suitable mass 2 of liquid metal and espe 
cially liquid sodium which has the intended function of 
cooling the reactor core during operation at power. 
The liquid metal 2 is con?ned within an open tank 3 up 
to the level shown diagrammatically at 4 and an atmo 
sphere 5 of inert blanket gas usually consisting of argon 
is present above said level 4. The tank 3 is open at the 
top and in turn surrounded by a second tank or safety 
tank 6, the unit consisting of both tanks with a common 
vertical axis being placed within an external biological 
shield structure 7. Provision is made at the top of said 
shield structure for a wide circular opening 8 in which 
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is mounted a closure or shield slab 9. Said slab extends 
horizontally and parallel to the level 4 of liquid sodium 
within the tank 3 and has a central opening 10 for 
positioning a system consisting of two shield plugs 11 
and 12 which make it possible as a result of combined 
relative movements of rotation in accordance with a 
conventional procedure to provide access to the reac 
tor core 1 for a handling tool 12a which passes in leak 
tight manner through one of the shield plugs. The 
shield slab 9 is also provided with further passageways 
such as 13 in order to mount in these latter the equip 
ment units which are necessary for operation of the 
reactor and in particular for circulation of the liquid 
sodium and removal of the heat which is collected as 
the sodium flows through the reactor core. The equip 
ment units consist especially of pumps and heat ex 
changers, one of which is represented schematically at 
14 in the drawing. The shield slab 9 is supported on a 
corbel formed in the biological shield structure 7 by a 
bearing element 15 which ensures immobilization and 
leak-tightness of the assembly. Finally, the shield slab 9 
preferably has a composite structure consisting mainly 
of a concrete wall 16 of substantial thickness, the wall 
surface which is in contact with the blanket gas 5 above 
the level 4 ofliquid metal within the tank 3 being lined 
with a sole-plate 17. By virtue of the presence of the 
heat-insulating material, said sole-plate 17 can be 
formed of black steel protected by a corrosion-resistant 
deposit. During operation, the inert gas atmosphere 
which is present above the liquid sodium within the 
tank 3 is at a pressure in the vicinity of atmospheric 
pressure and is brought to a relatively high temperature 
of the order of 500°C. Under these conditions, this 
blanket or inert'gas atmosphere 5 is charged with liq 
uid-metal aerosols or vapors which, if no precaution is 
taken, are liable to cause rapid corrosion of the sole 
plate 17 at the same time as the deformation of this 
latter under the action of mechanical stresses resulting 
from differential thermal expansions. 
Under these conditions, in order to ensure thermal 

protection of the shield slab 9 and in particular of its 
bottom sole-plate 17, there is placed against that sur 
face of said sole-plate which is in contact with the blan 
ket gas a heat-insulating system designed in the form of 
a lining of suitable thickness and applied against said 
sole-plate, said system as constructed in accordance 
with the invention being more especially illustrated in 
FIGS. 2 and 3. 
As can be seen from these ?gures, the heat insulation 

of the sole-plate 17 is formed by mounting against this 
latter an assembly of semi-impervious adjacent casings 
18 each constituted by means of two half-boxes 19 and 
20 respectively which are of generally parallelepipedal 
shape and adapted to engage one inside the other; these 
half-boxes can readily be formed by die-stamping, for 
example. The dimensions of the lower box 19 are 
slightly larger than the dimensions of the upper box 20, 
with the result that a narrow gap 36 is formed between 
the lateral faces of said half-boxes, said gap being open 
towards the exterior and directed towards the sole 
plate 17 of the shield slab to be protected. Each casing 
thus formed by the assembly of two half-boxes 19 and 
20 encloses a heat-insulating panel formed by mats 21 
of wire fabric or trelliswork arranged in superposed 
layers separated by intermediate sheet-metal elements 
such as the element 22, said mats 21 of wire-fabric 
elements of the panel being suitably compacted within 
the interior of the casing 1!"; while nevertheless permit 

20 

25 

35 

45 

50 

55 

65 

ting an aerated structure to remain within this latter so 
as to produce a high thermal gradient and to protect 
the sole-plate of the shield slab against aerosols or 
vapors of liquid metal derived from the reactor tank. 
The casings 18 which contain the mats 21 are secured 
beneath the sole-plate 17 by means of a rigid metallic 
wall 23 advantageously formed by the side-by-side 
assembly of rectangular plates 24 having dimensions 
which are slightly smaller than those of the casings and 
joined to each other by means of back-plates 25 placed 
at the corners of four adjacent plates 24, each back 
plate 25 being welded to a plate 24 and capable of 
sliding over the three other adjacent plates 24. The 
rigid wall 23 is ?rmly applied beneath the casings l8 
and in turn applies these latter beneath the sole-plate 
17 while being locked in position by means of ?xing 
studs 26. Each stud advantageously has a hollow body 
28 ?lled with inert gas or with steel wool, one end 29 of 
which is rigidly ?xed to the sole-plate 17 by welding 
against this latter, for example, the bodies of said studs 
being passed through bores 27 formed through the 
casings 18. In addition, the hollow body 28 of each stud 
is closed at its opposite extremity by a ?at plug 30 
which is provided externally of the body 28 with a 
suitably threaded axial extension 31 and this latter 
traverses the wall 23 through the oppositely-facing 
plate 24 which cooperates with a locking-nut 32. Be 
neath the metallic wall 23, said nut is preferably pro 
tected by an end-cap 33 which is welded beneath the 
corresponding plate 24. Finally, leak-tightness of the 
stud 26 at the point of penetration through each casing 
18 is achieved by a metallic seal 34 which is carried by 
the ?at plug 30 and capable of bearing against the 
bottom of the lower half-box 19 at the time of tighten 
ing of the nut 32. Counter-seals 35 in the form of metal 
lic joint-plates are also provided opposite to the back 
plates 25 which provide a connection between the 
plates 24 and the bottom walls of the half-boxes 19 of 
the adjacent casings. 
The respective height of the casings and of the 

clamping studs is clearly adapted to the thickness of the 
wire-fabric mats which are mounted within said cas 
ings. The degree of compaction of said mats can be 
adjusted and equalized by means of the clamping pres 
sure applied by the studs so as to form an assembly 
which is rigidly ?xed against the sole-plate of the shield 
slab, thereby protecting said slab at all points and at 
any power level of the reactor, either during normal 
operation or in the event of emergency shutdown ac 
companied by an abrupt temperature rise of the liquid 
metal within the reactor tank. The casings are so ar 
ranged as to ensure that two adjacent casings are sepa 
rated by a acapillary gap 37. 

It is important to note that the sodium vapors or 
aerosols which have migrated into the capillary gap 37 
condense within said gap and thus form a liquid-metal 
seal, then a solidi?ed metal seal, depending on the 
temperature of the level considered. Since the capillary 
gap 36 which is open towards the sole-plate of the 
shield slab to be protected or in other words towards 
the cold zone is placed downstream of the gap 37 from 
the point of view of migration of the sodium aerosols, 
said gap will either not contain any liquid sodium or 
else will contain a solidi?ed sodium seal, depending on 
the temperatures attained in the cold zone. The relative 
arrangement of the gaps 37 and 36 serves to prevent 
migration of the liquid sodium into the interior of the 
metallic mats 21 and consequently makes it possible to 
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maintain thermal ef?ciency of the heat insulation even 
over long periods of reactor operation. 

Finally, the wire-fabric mats aforesaid are preferably 
formed by means of wires having a diameter equal to 
0.4 mm in the example of construction which has been 
more especially described with reference to the draw 
ings. The thickness of each mat within the casings be 
tween two consecutive intermediate sheet-metal ele 
ments is of the order of 60 mm and a mat is made up of 
88 superposed wire-fabric elements. 
As is readily apparent, the invention is not limited to 

the example of construction which has been more espe 
cially described with reference to the accompanying 
drawings but extends on the contrary to all alternative 
forms. in particular, the casings containing the wirefab 
ric mats which cover the entire surface of the soleplate 
of the shield slab could be ?xed against this latter by 
means other than the studs considered in this example, 
especially by being locked in position by means of 
bearing shells in the vertical portions of the shield slab 
at the level of penetrations formed within this latter. 
What we claim is: 
l. A heat-insulating system for a metallic sole plate of 

a shield slab of a tank of a fast reactor cooled by a 
liquid metal in the tank with an atmosphere of neutral 
gas between the liquid metal and the sole plate with 
aerosols and liquid metal vapors in the atmosphere, 
said system being applied against the surface of said 
sole plate and comprising a set of panels each consti 
tuted by a mat of superposed metallic elements of fab 
ric extending parallel to the shield slab to be heat 
insulated, wherein each panel is enclosed within a cas 
ing applied against the shield slab and formed of two 
parallelepipedal metallic half-boxes engaged one inside 
the other, the dimensions of one half-box being slightly 
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larger than the dimensions of the other half-box provid 
ing a capillary gap between the half-boxes, wherein the 
casings are juxtaposed against the surface of the shield 
slab so as to form a continuous lining, the adjacent 
casings being separated by a narrow gap, said gaps 
forming capillary sealing joints for condensation of the 
aerosols and vapors of the liquid metal, wherein the 
continuous lining formed by the juxtaposed casings is 
mounted between the sole plate of the shield slab and a 
metallic support and protection wall which maintains 
said casings applied against the sole plate by means of 
?xing studs passed through said wall and said casings 
and rigidly ?xed to said sole plate at one of their ex 
tremities, each stud being provided at the opposite 
extremity with a threaded portion cooperating with a 
locking-nut which is tightened-up against said metallic 
wall, said metallic wall being an assembly of adjacent 
plates joined to each other by back-plates, each of said 
back-plates being disposed beneath the comers of four 
adjacent plates, each back-plate being welded to one 
plate and sliding over the three other plates. 

2. A heat-insulating system according to claim 1, 
wherein each stud has a hollow body which is welded to 
the sole-plate of the shield slab at one extremity and 
closed at the opposite extremity by a ?at plug having an 
extension in the form of a threaded stern, said ?at plug 
being ?tted externally of said hollow body with a metal 
lic seal which is applied against the bottom wall of one 
of the half-boxes of the casing. 

3. A heat-insulating system according to claim 1, 
wherein a joint-plate is mounted between the metallic 
wall and the casings opposite to the connecting back 
plates, between the plates and the bottom walls of the 
half-boxes of said casings. 
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